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(57) ABSTRACT 

The present invention provides an electrolytic capacitor 
having a large capacitance suf?ciently close to its design 
capacitance, and a method of easily producing such an 
electrolytic capacitor Wherein a cathode-side conductive 
polymer layer of an electrolyZing electrode is formed on at 
least one side surface of an anode valve metal foil having 
through holes 20 and a coarsened surface, electrolysis is 
carried out in a conductive monomer solution, With the 
polymer layer used as the anode, and an electrolytically 
formed conductive polymer layer is formed on the surface of 
the dielectric oxide ?lm of the valve metal foil, thereby 
obtaining an electrolytic capacitor, Whereby it is possible to 
easily obtain an electrolytic capacitor having a large capaci 
tance suf?ciently close to its design capacitance. 

12 Claims, 14 Drawing Sheets 
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ELECTROLYTIC CAPACITOR AND 
METHOD OF PRODUCING THE SAME 

This is a divisional application of Ser. No. 09/317,209, 
?led May 24, 1999 now US. Pat. No. 6,239,965. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electrolytic capacitor 

comprising an anode of a valve metal such as aluminum or 
tantalum, and a cathode of a conductive polymer layer, and 
also relates to a method of producing such an electrolytic 
capacitor. 

2. Prior Art 
A conventional electrolytic capacitor have been com 

posed of an anode formed of the valve metal, a dielectric 
layer formed of a ?lm of the valve metal oxide, and a 
cathode formed of a liquid electrolyte or inorganic solid 
electrolyte, With leads connected to the anode and the 
cathode, respectively, being packaged to make a product. 

The anode is made of aluminum or tantalum as the valve 
metal, Whose oxide metal is used for the dielectric layer. In 
the case of aluminum electrolytic capacitor, the surface of an 
aluminum foil is coarsened and anodiZed to form the oxide 
?lm, thereby obtaining an aluminum anode element. In the 
case of a tantalum electrolytic capacitor, a compact made of 
poWdered tantalum is ?red in a oxidiZing atmosphere, to 
obtain a tantalum anode element. 

Conventionally, as a cathode, the organic solvent includ 
ing an organic acid or the like have been used in the case of 
the aluminum electrolytic capacitor. The solid electrolyte 
Was, for example, manganese dioxide in the case of a 
tantalum electrolytic capacitor. 

In these days, electronic components have been requested 
to have excellent high-frequency response property, particu 
larly, to be adaptable to digital circuits, so that electrolytic 
capacitors are also required to have excellent high-frequency 
response and loWer inner resistance. In order to meet these 
market needs, some conductive polymers having a high 
conductivity have been examined and developed for use in 
the solid electrolytic cathode of such electrolytic capacitors. 

In the electrolytic capacitor Wherein the solid electrolyte 
is formed of a conductive polymer, the conductive polymer 
layer is formed on the anode element to make direct contact 
to the entire dielectric layer of the oxide ?lm on the valve 
metal. 

The electrolytic capacitor using such a conductive poly 
mer layer is knoWn, for example, in the Japanese Patent 
Publication JP-A 6-168855. 

The chemical polymeriZation technique have been 
knoWn, Which forms the conductive polymer on an anode 
elements into a cathode. In this technique, the anode element 
is immersed in a monomer solution, and the monomer is 
polymeriZed at the presence of an oxidiZing agent as a 
polymeriZing initiator. As a result, a conductive polymer 
layer is formed on the oxide ?lm on the surface of the anode. 

The electrolytic polymeriZation technique have also been 
knoWn for polymeriZing, Wherein polymeriZation is per 
formed by anodiZing a conductive monomer on the surface 
of a solid ?lm to have polymeriZed as the electrolyZing 
electrode. According to this technique, a ?rst conductive 
layer, having slight conductivity, must be formed on a 
dielectric oxide ?lm. This ?rst conductive layer on the anode 
element is used a start point for further polymeriZing elec 
trolytically. For this ?rst conductive layer is used a manga 
nese dioxide ?lm previously attached to the oxide ?lm, or a 
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2 
very thin conductive polymer layer previously formed by the 
above chemical polymeriZation technique. 

HoWever, the formation of the conductive polymer layer 
by the conventional techniques caused some problems. It 
Was dif?cult to groW a conductive polymer layer having a 
uniform and suf?cient thickness on the entire surface of the 
dielectric layer of the oxide ?lm. For this reason, the 
electrolytic capacitor obtained as the ?nal product could not 
shoW capacitance high enough to be estimated from the 
anode ?lm design. Furthermore, in the prior art chemical 
polymeriZation technique, the polymeriZing operations had 
to be repeated several tens of times to increase the thickness 
of the groWn polymer, in order to obtain the suf?ciently high 
capacitance. 

In the case of using the conventional electrolytic poly 
meriZation technique, the ?rst conductive layer is formed of 
a manganese dioxide or a very thin conductive polymer 
layer formed by the chemical polymeriZation technique. 
Therefore, electric current supplied for electrolysis ?oWs 
through the ?rst conductive layer having a relatively high 
electric resistance. For this reason, a relatively long poly 
meriZation period of time Was required to form the conduc 
tive polymer layer on the entire surface of the dielectric 
layer. 

Conventionally, to electrolytically form a conductive 
polymer layer on both sides of an anode valve metal foil, 
polymeriZation had carried out, starting from a part of one 
side of the anode valve metal foil, and then advancing to the 
opposite side through roundabout routes. In this conven 
tional method, When a conductive polymer layer is formed 
by electrolytic polymeriZation on both sides of an anode foil 
having a relatively large area, it takes a long time for 
polymeriZation. In addition, the thickness of the conductive 
polymer layer at the starting point for polymeriZing differs 
from that at the ending point. This difference in thickness of 
the conductive polymer layer is caused by the total poly 
meriZing period of time different at the start point and the 
end point. Therefore, to obtain a conductive polymer layer 
having a more relatively uniform thickness, the speed of 
polymeriZation is required to be made sloWer, then reducing 
the difference in polymeriZation time. This results in extend 
ing the operating time for polymeriZation. 

For these reasons, the above technique, not to have 
formed a conductive polymer layer uniformly on a Wide 
anode foil, Was limited to only on a relatively narroW anode 
foil Which is suited for the shape of the ?nal product, just as 
in the example of the Japanese Patent Publication JP-A 
63-239917. 

In order to form a necessary and suf?cient conductive 
polymer layer for the ?nal product, the processes for capaci 
tor production have been complicated and taken a long time, 
then, requiring high production cost. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electrolytic capacitor having a conductive polymer layer 
formed uniformly and simply in direct contact to the entire 
surface of a dielectric layer of the oxide ?lm, obtaining a 
capacitance high enough to be estimated from its anode 
element design. 

another object of the present invention is to provide an 
electrolytic capacitor being small in siZe and large in capaci 
tance. 

A further object of the present invention is to provide a 
method of producing an electrolytic capacitor having a 
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conductive polymer layer formed uniformly and simply With 
direct contact to the entire surface of a dielectric oXide ?lm. 

A still further object of the present invention is to provide 
a method of producing an electrolytic capacitor having a 
capacitance high enough to be estimated from its anode 
element design and being small in siZe and large in capaci 
tance. 

The electrolytic capacitor of the present invention com 
prises an anode layer of a valve metal foil having through 
holes and a coarsened surface of the valve metal foil, a 
dielectric layer of a oXide ?lm formed on a part of the 
surface, and a cathode layer of a conductive polymer, 
Wherein the cathode layer is an electrolytically-formed con 
ductive polymer layer formed to make contact With the 
dielectric layer. 

Furthermore, the cathode layer may comprise a cathode 
side conductive polymer layer disposed on at least one side 
surface of the valve metal foil. In this case the electrolyti 
cally-formed conductive polymer layer is formed on the 
dielectric layer and electrically connected to the cathode 
side conductive polymer layer. 

Particularly, the electrolytic capacitor may comprises an 
electric collector, Which is a metal sheet, formed on the 
cathode-side conductive polymer layer formed on one side 
of the valve metal foil. The electric collector is used to 
connect to a cathode lead. 

The present invention includes the method of producing 
an electrolytic capacitor comprising an anode layer formed 
of a valve metal foil having through holes and a coarsened 
surface, a dielectric layer of a oXide ?lm formed by anod 
iZing a part of the surface thereof and a cathode layer of a 
conductive polymer layer. 

The method uses an electrolytic polymeriZation process in 
Which a monomer solution is electrolyZed betWeen a elec 
trolyZing electrode formed on the valve metal foil and 
another electrolyZing electrode in the monomer solution, to 
produce a electrolytically-formed conductive polymer layer 
formed on the surface of the dielectric layer on the valve 
metal foil, the electrolytically-formed conductive polymer 
being used as a cathode layer. 

Particularly, the method comprises steps of: forming a 
electrolyZing electrode on one side surface of the valve 
metal foil; immersing the valve metal foil in a conductive 
monomer solution, another electrode being disposed in the 
solution on the other side of the electrolyZing electrode to 
the valve metal foil; and, polymeriZing the monomer by 
electrolyZing the monomer betWeen the electrolyZing elec 
trode and said another electrode, to form a electrolytically 
formed conductive polymer layer, as a cathode layer, Which 
is attached on the surface of the oXide ?lm on the valve metal 
foil. 

In the polymeriZing step the monomer is polymeriZed by 
electrolytically oXidative polymeriZation during ?oWing 
electric current betWeen the electrolyZing electrode, as posi 
tive electrode, on the valve metal foil, and other electrode, 
as negative electrode, disposed in the solution, then precipi 
tating a conductive polymer layer in uniform thickness on 
the surface of the dielectric layer. 

In this electrolytic polymeriZation process, the polymer 
iZing of the monomer starts on the surface of the electro 
lyZing electrode, Which is attached to the valve metal foil 
immersed in the monomer solution and is used as the anode 
for electrolysis. The polymer, occurring ?rst on the elec 
trode, groWs continuously, passes through the through holes 
in the vale metal foil, spreads on the opposite surface 
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4 
thereof, and covers the entire surface of the metal foil 
immersed in the solution, to form a conductive polymer 
layer. 
The conductive polymer layer formed by electrolysis 

makes contact to the dielectric layer on the metal foil, Which 
is used for the cathode layer. 
The method of the present invention may use an electro 

lyZing metal sheet or conductive polymer ?lm or a combi 
nation of both the electrolyZing metal sheet and the conduc 
tive polymer ?lm for the electrolyZing electrode. After 
polymeriZing, the electrolyZing electrode, particularly, a 
single metal sheet or foil, may be removed. 

HoWever, in the method, the electrolyZing electrode may 
be a conductive polymer layer (referred to as cathode-side 
conductive polymer layer) is formed on the anode valve 
metal foil. Prior to polymeriZing step, the cathode-side 
conductive polymer layer is attached on the anode layer, and 
after the electrolytically polymeriZing step, the cathode-side 
conductive polymer layer, remaining together With the elec 
trolytically-formed conductive polymer layer may used as a 
cathode layer of the capacitor. 

Particularly, the electrolyZing electrode may comprise 
said cathode-side conductive polymer layer on the anode 
layer, and a metal sheet (an electrolyZing metal sheet) 
attached to the cathode-side conductive polymer layer. After 
electrolytic polymeriZation, the electrolytically-formed con 
ductive polymer layer and the cathode-side conductive poly 
mer layer may be used as a cathode layer of the capacitor, 
the metal sheet being used as a cathode electric collector. 

In the electrolytic polymeriZation method of the present 
invention, the conductivity of the cathode-side conductive 
polymer layer can be raised, the current for electrolysis can 
be made large, the speed of forming the conductive polymer 
layer can be increased, and the formation of the conductive 
polymer layer can be made easier, regardless of Whether the 
start point of electrolytic polymeriZation is the metal foil, the 
cathode-side conductive polymer layer or the cathode-side 
conductive polymer layer provided on the cathode electric 
collector. Furthermore, in the electrolytic polymeriZation 
method according to the present invention, the polymer 
passes through the through holes in the metal foil and is 
formed simultaneously in the thickness direction of the 
anode valve metal foil. Therefore, the polymer can cover the 
surface of the metal foil immersed in the solution quickly 
and uniformly, regardless of the siZe of the valve metal foil. 
As a result, the conductive polymer layer can be formed 
quickly and easily as described above. It is therefore pos 
sible to obtain an electrolytic capacitor capable of delivering 
a large capacitance suf?ciently close to its design capaci 
tance. 

The method of the present invention, prior to the poly 
meriZing step, comprises a further step of forming a con 
ductive layer Which is preformed as part of a cathode layer 
in contact to a part of or all the surface area of the dielectric 
layer. In polymeriZing, so preformed a conductive layer 
makes contact to the groWing polymer layer and becomes 
anodic starting points for polymeriZing the monomer. Thus, 
it can promote the polymeriZing rate in the groWing direc 
tion of electrolytic polymeriZation to eXtend a area of the 
polymer on the dielectric layer of the valve metal foil and 
also to increase a thickness of the polymer. 
The conductive layer on the dielectric layer may be a 

conductive polymer ?lm, particularly chemically polymer 
iZed, or a oXide ?lm such as manganese dioXide. 
The presence of this conductive layer facilitates the 

formation of the electrolytically-formed conductive polymer 
layer by electrolytic polymeriZation. The dielectric layer can 



US 6,989,289 B1 
5 

thus be covered completely With the formed electrolytically 
formed conductive polymer layer. 

The present invention includes a laminated or Wound 
electrolytic capacitor fabricated of plurality of the above 
mentioned electrolytic capacitors. 

The laminate is provided With an anode lead electrically 
connected to the anode valve metal foils, and a cathode lead 
electrically connected to the cathode-side conductive poly 
mer layers or cathode electric collectors. Since the plural 
capacitor units, each being capable of delivering suf?cient 
capacitance, are laminated and integrated, it is possible to 
easily obtain a laminated electrolytic capacitor being small 
in siZe and large in capacitance. 

Furthermore, The Wound electrolytic capacitor can have a 
sufficiently large capacitance, since the capacitor unit is 
relatively smaller in siZe With respect to high capacitance. 
Moreover, by simply changing or adjusting the length of the 
electrolytic capacitor unit to be Wound, the capacitance can 
be freely adjusted. 

Furthermore, the method of the present invention com 
prises a step of anodiZing, again, the anodiZed parts of the 
anode valve metal foils of the laminate, after electrically 
connecting the anode and cathode leads to the laminate. 

According to the re-anodiZing process, it is possible to 
repair partial damage at the dielectric layers, oWing to 
mechanical stresses generated in laminating the capacitor 
units and integrating the metal surface portions. 

In the method of producing the Wound electrolytic capaci 
tor anodiZing a part of the anode valve metal foil again, after 
Winding an electrolytic capacitor unit in the shape of coil. It 
is thus possible to repair partial damage at the dielectric 
layer, oWing to mechanical stresses generated at the step of 
Winding the electrolytic capacitor unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be described beloW in detail 
referring to the accompanying draWings, in Which: 

FIG. 1A is a schematic perspective vieW shoWing an 
anode layer of a valve metal foil according to an embodi 
ment of the present invention; 

FIG. 1B is a schematic perspective vieW shoWing an 
electrolytic capacitor according to the present invention; 

FIG. 2A is a schematic sectional vieW shoWing the 
electrolytic capacitor according to the embodiment of the 
present invention; 

FIG. 2B is a partially enlarged sectional vieW shoWing the 
electrolytic capacitor shoWn in FIG. 2A; 

FIG. 3A is a schematic sectional vieW shoWing a electro 
lyZing electrode disposed on one side of an anode layer of 
a valve metal foil at a step of producing the electrolytic 
capacitor of the present invention; 

FIG. 3B is a schematic perspective vieW of an electrolytic 
bath, shoWing the arrangement of the anode layer of a valve 
metal foil and electrolyZing electrodes for electrolytic poly 
meriZation; 

FIG. 4 is a schematic sectional vieW of an electrolytic 
bath, shoWing polymer formation at the step of performing 
the electrolytic oXidative polymeriZation for the electrolytic 
capacitor of the present invention; 

FIG. 5 is a schematic perspective vieW shoWing an 
electrolytic capacitor according to the embodiment of the 
present invention; 

FIGS. 6A and 6B are vieWs shoWing the embodiment of 
the present invention, similar to FIGS. 2A and 2B, respec 
tively; 
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6 
FIGS. 7A and 7B are vieWs shoWing the embodiment of 

the present invention, similar to FIGS. 3A and 3B, respec 
tively; 

FIGS. 8A and 8B are schematic sectional vieWs of elec 
trolytic baths, shoWing polymer formation at the step of 
carrying out the electrolytic oXidative polymeriZation for the 
electrolytic capacitor of the embodiment of the present 
invention; 

FIG. 9 is a schematic perspective vieW shoWing an 
electrolytic capacitor according to a embodiment of the 
present invention; 

FIGS. 10A and 10B are vieWs shoWing the embodiment 
of the present invention, similar to FIGS. 2A and 2B, 
respectively; 

FIGS. 11A and 11B are vieWs shoWing the embodiment of 
the present invention, similar to FIGS. 3A and 3B, respec 
tively; 

FIG. 12 is a vieW shoWing the embodiment of the present 
invention, similar to FIG. 4; 

FIG. 13 is a schematic perspective vieW shoWing a 
laminated electrolytic capacitor according to the embodi 
ment of the present invention; 

FIGS. 14A and 14B are schematic perspective vieWs 
shoWing Wound electrolytic capacitors according to the 
embodiment of the present invention; 

FIG. 15 is a schematic perspective vieW shoWing an 
electrolytic capacitor according to the embodiment of the 
present invention; 

FIG. 16 is a schematic perspective vieW shoWing an 
electrolytic capacitor according to the embodiment of the 
present invention; 

FIG. 17 is a schematic perspective vieW showing an 
electrolytic capacitor according to the embodiment of the 
present invention; and 

FIG. 18 is a schematic perspective vieW shoWing a 
laminated electrolytic capacitor according to the embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the electrolytic capacitor of the present invention, a 
valve metal foil 1 used for an anode layer 2 of the capacitor 
has plurality of small through holes 20 on its surface Which 
is coarsened, as shoWn in FIG. 1A. The surface of the valve 
metal foil 1 is oXidiZed to form an dielectric layer 3 by 
anodiZing, and this dielectric layer is used as a very thin 
dielectric layer. 
On the dielectric layer 3 of the oXide ?lm, an electrolyti 

cally-formed conductive polymer layer 4 is formed to cover 
the almost entire surface of the dielectric layer 3 as shoWn 
in FIG. 1B. The electrolytically-formed polymer layer 4 
permeates into the plurality of through holes 20 so as to form 
a conductive layer With a very high density making close 
contact With the dielectric layer 3. The dielectric layer 3 is 
interposed betWeen the anode layer 2 of the valve metal foil 
1 and the electrolytically-formed conductive polymer layer 
4 to form an electrolytic capacitor. This electrolytically 
formed conductive polymer layer 4 is formed on a Wide area 
of the dielectric layer 3 and serves as the cathode for the 
capacitor, Whereby the capacitance of the capacitor can be 
raised suf?ciently. 

In the present invention, the metal constituting the valve 
metal foil 1 forms a stable oXide ?lm on its surface. The 
metal is selected from a material, the oXide ?lm of Which is 
high in both insulation resistance and dielectric constant. As 
valve metal, such as aluminum, tantalum or niobium is used. 
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Aluminum is preferably used for the valve metal foil 
because of its loW cost, ease of processing and the like. 

The plural through holes 20 formed through the valve 
metal foil 1 are used to alloW a conductive polymer to pass 
through and groW into them in the process of electrolytic 
polymeriZation. It is preferable that the radius of the through 
hole is not more than the thickness of the valve metal foil 1. 
By providing the through holes 20, the area of the main 
surface of the valve metal foil is decreased. 
On the other hand, by providing the thorough holes 20, 

areas are neWly generated on the side surfaces of the through 
holes 20. The area of the main surface of the valve metal foil, 
decreased by providing the through holes 20, is compared 
With the areas on the side surfaces of the through holes 20, 
generated by providing the through holes 20. If the above 
mentioned condition is established, that is, if the radius of 
the through hole is not more than the thickness of the valve 
metal foil, the area of the main surface of the valve metal foil 
is not decreased by providing the through holes 20. 

In addition, it is preferable that the opening area of the 
through holes 20 is 10% or less of the surface area of the 
metal foil. If too many through holes 20 are formed, the 
mechanical strength of the valve metal foil 1 is loWered, 
causing inconvenience in production. 

In the presen invention, the electrolytically-formed con 
ductive polymer layer 4 of the electrolytic capacitor are 
formed of a conductive polymer made by polymeriZing a 
monomer. As Will described later, another conducive poly 
mer layer formed in advance on the surface of the valve 
metal foil, Which is referred as to cathode-side conductive 
polymer layer, may be used as a cathode, 

It is preferable that these polymer layers 4 and 5 are 
formed of a polymer obtained by polymeriZing the monomer 
of a heterocyclic S-member compound, such as pyrrole, 
thiophene, 3-alkylthiophene, isothianaphthene or the like. 

Embodiment 1 

In the invention, the conductive polymer layer 4 is formed 
by a method of subjecting the above-mentioned monomer to 
electrolytically oxidative polymeriZation. In the method, an 
electrolyZing electrode is utiliZed, Which is formed previ 
ously on one side surface of the anode of the valve metal foil 
1. 

This embodiment can use a sheet or foil of metal, such as 
nickel, as a electrolyZing electrode. Other metals and non 
organic substances may also be used if they can act as a 
positive electrode in the monomer solution for electrolyZing 
With no corrosion and anodic passivation. 

The electrolyZing electrode and the valve metal, being 
attached in contact to each other, is immersed into the 
monomer solution. Acurrent is supplied to the electrolyZing 
electrode (positive) attached on the valve metal foil and 
another electrode disposed in the solution so that an elec 
trolytic polymeriZation reaction starts on the surface of the 
electrolyZing electrode by anodiZing reaction. When the 
electrolysis is continued, a further polymeriZation reaction 
occurs continuously on the interface of the conductive 
polymer Which has been produced. The neW produced 
polymer reaches the oxide surface of the valve metal foil, 
then, passes through the insides of the through holes 20 to 
?ll them, further extends to the other side surface of the 
valve metal foil, and groWs integrally and continuously in 
the direction of the thickness of the valve metal foil While 
covering said foil. Thus, a uniformly densi?ed polymer layer 
With high conductivity can be produced on the entire anod 
iZed surface of the valve metal foil. 
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8 
As a result, this method can provide a conductive polymer 

layer necessary and sufficient for a electrolytic capacitor in 
a shorter period of time than the conventional method, 
simplifying production processes and reduce production 
cost of the capacitor. 
TWo leads formed of another conductive material, such as 

a metallic comb, are used as a lead to the anode lead and 
another to the cathode lead, and connected to the valve metal 
2 and at least a part of one of the cathode-side conductive 
polymer layer 5 and the electrolytically-formed conductive 
polymer layer 4, respectively. The capacitor is then molded 
of resin in Whole, thereby obtaining the ?nal product. 
The method of producing the electrolytic capacitor of the 

embodiment Will be described beloW in more detail. 
(a) First, through holes 20 are formed in a valve metal foil, 

and the surface of the foil is coarsened. In this step, plurality 
of through holes 20, preferably having an inner diameter of 
about 0.05 to 0.5 mm, are formed uniformly on the surface 
of the foil. These through holes 20 are used to alloW a 
groWing polymer layer to pass through in the process of 
electrolytic polymeriZation. As described above, it is pref 
erable that the radius of the through hole is not more than the 
thickness of the anode valve metal foil. 
The plural through holes 20 are formed in the valve metal 

foil by a mechanical method using a punching machine or a 
drill, a chemical method using etching or a combination 
method of these. 
The surface of the valve metal foil can be coarsened by a 

chemical method using alternate current etching or direct 
current etching in an electrolytic solution, a mechanical 
method, such as sandblast, or a combination method of 
these. 

(b) The surface of the anode valve metal foil is anodiZed 
to form a dielectric layer. In this step, in the case When an 
aluminum foil is used, its surface is anodiZed in a anodiZing 
liquid so that an aluminum oxide layer is formed as the 
dielectric layer 3 on the surface of the aluminum foil. 

Conventional methods, such as the constant voltage anod 
iZing method and the constant current anodiZing method 
conducted in a anodiZing liquid, are used to form the 
dielectric layer. 

(c) Next, a metal surface portion 6 is formed at a part of 
the surface of the anode valve metal foil. In this step, a part 
of the aluminum oxide layer on the surface of the aluminum 
foil is removed by grinding or cut off, and metal aluminum 
is exposed as a metal surface portion 6, as shoWn in FIG. 1A. 

In the case of another exposing method, a part of the metal 
surface of the anode valve metal foil is masked With paint, 
adhesive tape or the like prior to the step of forming the 
dielectric layer. After formation, the mask is removed to 
expose the surface of the metal. 

(d) Next, a electrolyZing electrode 9a is disposed on one 
side surface of the anode valve metal foil 1. 

In this step, the valve metal foil is attached to a metal 
sheet or plate used as the electrolyZing electrode 9a so that 
the dielectric layer 3 makes contact With the electrolyZing 
metal sheet 90. As an example, a electrolyZing metal sheet 
90 (a nickel sheet, for example), used as the electrolyZing 
electrode 9a, can be made contact With the dielectric layer 
3 as shoWn in FIG. 3A. 

(e) Next, an electrolytically-formed conductive polymer 
layer is formed on the dielectric layer of the valve metal foil. 
In this polymeriZing step, as shoWn in FIG. 3B, the valve 
metal foil 1 Which is held on the electrolyZing electrode 9a 
(a nickel sheet) at the previous step is immersed in a 
monomer solution (a pyrrole solution, for example) to be 
polymeriZed to a conductive polymer. The valve metal foil 
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is then subjected to electrolyZing, wherein the electrolyZing 
electrode 9a is used as the positive electrode and another 
electrode disposed in the solution is used as the negative, 
thereby to form a conductive polymer layer on the surface of 
the valve metal foil. 
As the electrode other than the electrolyZing electrode 9a 

(a nickel sheet), an electrode 9b (preferably a nickel sheet 
having the same surface area as that of the electrolyZing 
electrode 9a) is disposed so as to be opposite to the elec 
trolyZing electrode 9a (a nickel sheet) With respect to the 
valve metal foil. It is important that these electrodes are 
disposed opposite to each other in a container 10 ?lled With 
a monomer solution 11 (a pyrrole solution, for example) so 
that electric current ?oWs through the plural through holes 
20 When electric current is supplied. 

While the monomer in the solution is polymeriZed by 
electrolytic polymeriZation starting from the electrolyZing 
electrode 9a, a polymer is alloWed to groW so as to attach to 
the valve metal foil, to penetrate and pass through the 
through holes 20 (mainly in the directions of the arroWs 
indicated in FIG. 4). By ?oWing electric current for a 
constant period of time, the electrolytic-formed conductive 
polymer 4 is also formed on the other side of the anode valve 
metal foil. Next, the valve metal foil 1 is removed from the 
nickel sheet used as the electrolyZing electrode 9a. 

(f) In the same method as the step (d), an electrolyZing 
electrode 9a is disposed on the opposite side of the anode 
valve metal foil 1 having been removed. 

The same method is carried out as the step (e), the 
electrolytically-formed conductive polymer layer 4 being 
formed on the dielectric layer 3. In the end, such an 
electrolytic capacitor as shown in FIGS. 1A, 1B, 2A and 2B 
can be obtained by folloWing the above-mentioned steps and 
by removing the electrolyZing electrode 9a. 

According to the method of the present invention, the 
electrolytically-formed conductive polymer layer can be 
formed simultaneously, integrally and continuously, in the 
direction of the thickness of the anode valve metal foil, 
starting from the electrolyZing electrode disposed on one 
side surface of the anode valve metal foil. This method can 
thus form the conductive polymer layer more quickly and 
easily than the conventional method, and can simplify 
production processes and reduce production cost. 

Prior to the above polymeriZing step (e), a conductive 
layer may be formed previously on the oxide ?lm, and then 
the electrolytically-formed conductive polymer layer 4 may 
be formed by the electrolytic polymeriZation technique. As 
a conductive layer manganese dioxide may be formed by the 
thermal decomposition of magnesium nitrate. Another con 
ductive layer may be a conductive polymer layer previously 
formed by chemical polymeriZation. 

In this polymeriZing step, electrolytic polymeriZation is 
started from the above electrolyZing electrode. When a 
conductive polymer reaches and makes contact With the 
conductive layer on the dielectric layer, the polymeriZation 
of the polymer is accelerated further starting from the 
conductive layer, and the conductive polymer is formed and 
alloWed to groW. As a result, the electrolytically-formed 
conductive polymer layer can closely cover the dielectric 
layer of the oxide ?lm, and the formation of the conductive 
polymer layer can be accelerated. 

Embodiment 2 

In the electrolytic capacitor of the present embodiment, a 
cathode-side conductive polymer layer 5 is formed, as part 
of a cathode layer, in advance on the dielectric layer 3 on one 
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10 
side surface of the anode valve metal foil 1, as shoWn in FIG. 
5. The electrolytically-formed conductive polymer layer 4, 
Which composes the rest of the cathode layer, a substantial 
cathode, covers the almost entire surface of the dielectric 
layer 3, penetrating the through holes 20 to ?ll their interiors. 
The cathode-side conductive polymer layer 5 is electrically 
connected to the electrolytically-formed conductive polymer 
layer 4, so that both the tWo conductive polymer layers 4 and 
5 are a cathode layer to produce an electrolytic capacitor. 

This electrolytic capacitor is formed by interposing the 
dielectric layer 3 betWeen the anode valve metal foil 1 and 
the electrolytically-formed conductive polymer layer 4. This 
electrolytically-formed conductive polymer layer 4 may be 
formed uniformly in a Wide area on the dielectric layer 3 of 
the oxide ?lm and act as a substantial cathode, Whereby the 
capacitance of the electrolytic capacitor can be increased 
suf?ciently. 
The electrolytically-formed conductive polymer layer 4 is 

formed by a method of polymeriZing the conductive mono 
mer due to electrolytically oxidative polymeriZation. 

In this embodiment, the cathode-side conductive polymer 
layer 5 is used as part of an electrolyZing electrode, and an 
electrolyZing metal sheet 90 is formed previously on one 
side surface of the cathode-side conductive polymer. 
Namely, in this embodiment, the electrolyZing electrode 
comprises the cathode-side conductive polymer layer 5 and 
a electrolyZing metal sheet 90. 

Electric current is supplied betWeen this metal electrode 
9a as a positive and another metal electrode 9b as a negative 
in the solution so that an electrolytic polymeriZation reaction 
starts on the cathode-side conductive polymer layer 5 as an 
positive electrode. When the electrolysis is continued, a 
further polymeriZation reaction occurs continuously at the 
interface of the neW polymer Which has been generated. The 
polymer reaches the surface of the valve metal foil 1, passes 
through the through holes 20 to ?ll them, extends to the other 
side surface of the metal foil, and groWs integrally and 
continuously in the direction of the thickness of the valve 
metal foil While covering the valve metal foil 1. Thus, a 
conductive polymer layer is formed uniformly on the entire 
surface of the valve metal foil. 

In the same manner as described in the embodiment 1, 
tWo leads formed of another conductive material, such as a 
metallic comb, are used as a anode lead and a cathode lead, 
being connected to a metal portion 6 of the valve metal foil 
2 and at least a part of one of the cathode-side conductive 
polymer layer 5 and the electrolytically-formed conductive 
polymer layer 4, respectively. 

The method of producing the electrolytic capacitor 
according to this embodiment Will be described beloW. Just 
as in the case of the Embodiment 1, in the step (a) a metal 
foil is prepared, in the step (b) the anode valve metal foil 1 
is anodiZed on the surface to form a dielectric layer 3 of the 
oxide ?lm, and in the step (c) a metal surface portion 6 is 
formed at a part of the surface of the anode valve metal foil 
1. 

In the present embodiment, (d) a cathode-side conductive 
polymer layer 5 is disposed on one side surface of the anode 
valve metal foil 1, as a electrolyZing electrode, to carry out 
electrolytic polymeriZation. 

Preferably, the cathode-side conductive polymer layer 
may previously be formed on or attached to an electrolyZing 
metal sheet 90 used as a electrolyZing electrode, and then, 
the valve metal foil 1 is attached to this cathode-side 
conductive polymer layer 5 so as to make contact thereWith. 


















